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Abstract 

A method using sequential supercritical fluid extraction (SFE) and enzymatic transesterification has been developed for 

the rapid determination of total nutritional fat content in meat samples. SFE conditions of 12.16 MPa and 50°C were utilized 
to extmct lipid species from the sample matrix. The enzymatic transesterification of the lipids by methanol was catalyzed by 
an immobilized lipase isolated from C~ndida anturcfico. Conversion of the triglycerides to fatty acid methyl esters was 
monitored by supercritical fluid chromatography. while the fatty acid content of the extract was determined by capillary gas 

chromatography (CC). Total fat. saturated fat and monounsaturated fat contents were calculated from the GC data and 
compared to values from traditional extraction and lipid determination methods. Both off-line SFE and automated SFE 
followed by on-line CC analysis using two different Instruments were utilized in this study. The enzymatic-based SFE 

method gave comparable results to the or&anic solvent extraction-based method followed by conventional BF,-catalyzed 
esterification. 

Kewvords; Food analysis: Sample preparation; Derivattzation. CC; Fats: Lipids: Fatty acid methyl esters 

1. Introduction 

The definition of fat as determined for nutritional 

labeling purposes has been established by the Nutri- 
tional Labeling and Education Act (NLEA) as the 
sum of fatty acids from mono-, di- and triglycerides, 
free fatty acids. phospholipid fatty acids and sterol 
fatty acids, stoichiornetrically expressed as tri- 

glycerides [II. In an effort to determine which 
methods would comply with NLEA. Carpenter et al. 
[2] reviewed the methods used for the analysis of fat 

in various matrices. The NLEA protocol for fat 
consists of the following steps: (1) an acid or base 

hydrolysis for producing free fatty acids from the 
lipid constituents and for releasing bound lipids from 
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the food matrix: (2) solvent extraction of the hydro- 
lyzed fat; (3) the preparation of fatty acid methyl 
esters (FAMES) for analysis by gas chromatography 
(CC) [3--5). The percent saturated, monounsaturated 
and total fat are then calculated from the resulting 
FAMES profile and expressed as. triglycerides [2-6). 
The effectiveness of the above method relies on the 
complete extraction of fat, farty acids, as well as, 
accurate measurement of the individual fatty acids 
161. 

Concurrent with requirements of more extensive 
food analysis, regulatory protocols and economics 
have called for a reduction in solvent usage in 
analytical laboratories: therefore alternative methods 

for extraction and analyte isolation using little or no 
solvent. i.e.. solid-phase extraction, microwave ex- 
traction and supercritical fluid extraction (SFE) use 
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techniques which hold considerable promise for use 
in the future [7]. The SFE of lipids from various 
food matrices has been successfully demonstrated by 
several researchers [S-l I]. In particular, Lemke and 
Engelhardt [ 121 have reported the determination of 
total fat by SFE from acid-hydrolyzed meat and 
cheese samples, and demonstrated that the method is 
a potential‘ alternative to solvent extraction. 

Analysis of the FAMES from processed foods and 
fish was simplified by the one-step extraction/metha- 
nolysis reported by Ulberth and Henninger [13,14]. 
A one-step method using supercritical fluid reaction 
(SFR) has also been utilized to extract and derivatize 
chlorophenoxyacetic acids as their methyl esters for 
GC analysis [ 1.51. The success of lipase-catalyzed 
reactions of lipids under supercritical Huid conditions 
[ 16 181 suggested that such reactions could have 
utility in analytical chemistry. This concept has been 
demonstrated to a limited extent by Berg et al. [I93 
and Ghazali et al. [20]. 

This paper reports the modifications of an SFE- 
SFR method developed by Jackson and King [IS] for 
the synthesis of FAMES into a method for the 
purpose of analyzing specifically for nutritional fat 
levels in food products. From the resultant FAME 
derivatives. total fat, saturated fat and monounsatu- 
rated fat content of the meat samples were quantita- 
tively determined according to the NLEA protocol. 
In addition, the method has been modified to allow 
the determination of fat with an automated extrac- 
tion/chromatography system. 

2. Experimental 

Fig. 1 is a schematic of the system used for the 
off-line sample preparation. hereafter referred to as 
Method 1. In this system, carbon dioxide was 
pumped using 1x0 Model IOODX syringe pumps 
(Isco, Lincoln, NE, USA) operating in a continuous 
flow mode. Methanol was added to the CO, stream 
by a third Model IOODX syringe pump. Collection of 
the extracted and derivatized material w:ls made into 
211 opt31 vial. 

An automated system was also developed using a 
Hewlett-Packard Model 768OT SFE unit (Hewlett- 
Packard. Wilmington. DE. USA) in tandem with ;I 
Hewlett Packard ‘bridge‘ system. connected on-line 

Fig. I. Schematic of supercritical fluid extraction system. Method 
I: (A), CO, tank: (B) and (Cl, CO, pumps: (Di. methanol pump: 
(E), extraction vessel; (F). check valve: (G). heated restnctor: 
(H), collection vial; (I). sample; (2). glass wool: (3). lipase. 

with a Hewlett Packard Model 5890 II CC. This 
approach is referred to as Method 2 (Fig. 2). 

The nine meat samples that were used were 
prepared by the Department of’ Meat Science at the 
University of Illinois. These included three ground 
beef samples. processed to be extremely homoge- 
neous having fat levels of approximately 1 OS1 20% 
and 30% (w/w). The beef samples were prepared 
from beef trimmings which were ground through a 
13 mm plate. mixed and reground through a 3 mm 
plate. and homogenized in a bowl mixer. Three 

i 
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sausage-type meat products were prepared from 
chopped meats that were treated with a 2% salt, 
0.015% NaNOz and 0.3% tripolyphosphate solution, 
then treated in a smoking chamber and ground to a 
fine homogenous material using the same protocol as 
the ground beef. The sausage samples had approxi- 
mate fat levels of IO, I5 and 20% (w Iw). Cured 
meat samples were prepared from pork with a 2% 
salt, 0.0 15% nitrite, 0.3% tripolyphosphate solution 
and some spices. These samples were then smoked. 
chopped and homogenized as above. The cured meat 
samples included two ham samples blended to yield 
about IO and 15% fat levels and a high fat sample 
(bacon) containing approximately 40% total fat. 

Meat samples were prepared for extraction by 
slicing the frozen meat into thin strips Approximate- 
ly 100 mg or 500 mg of each sample were iyophil- 
ized for 30 min using an FTS Systems Model FD- l- 
54A lyophiiizer (Stone Ridge. NY. USA). 

Novozym 435 enzyme was purchased from Novo 
Nordisk (Franklinton. NC. USA). High-performance 
liquid chromatography (HPLC)-grade methanol was 
from Fisher Scientitic (Pittsburgh, PA. USA). Triun- 
decanoin and the FAME standards were obtained 
from Nu Chek Prep (Elysian. MN, USA). SFE-grade 
co, was purchased from Air Products (Allentown. 
PA. USA). 

With Method 1. the off-line procedure. Novozym 
435 (500 mg). was placed into it 5 ml extraction cell. 
Glass wool was inserted into the cell followed by the 
dried meat sample (original weight of 100 mg) and 
20 /~g of triundecanoin as the internal standard. The 
glass wool partition in the reaction ceil prevented 
contamination of the enzyme by the meat, allowing 
for its recovery and reuse. The extraction cell was 
then inserted into the lsco SFX 2-10 extractor (Fig. 
1). SFE conditions were 17.24 MPa and 50°C; CO, 
flow-rate was 0.75 mllmin. while the methanol Row: 
rate was 5 ~i/min [ 181. Top-to-bottom flow through 
the ceil for 30 nun permitted methanolysis to be 
achie\,ed on the estracted lipids. The synthesized 
FAME5 were collected 111 hexane alter decompres- 
sing the tlowing CO, into an open vial. The ex- 
tracted derivatized sample \vas then weighed after 
hexane removal using a \trearii ol‘ nitrogen. 

Completeness of methanolysis reaction was de- 
termined u\inp a Lee Series 600 supercritical lluid 
chromatograph (SFC) (Dionex. Salt Lake City. UT. 

USA) with a Dionex SB-Octyi-50 capillary column 
(10 mXlO0 pm, 0.5 pm film thickness). The 
pressure gradient program utilized was as follows: 
12.15 MPa isobaric hold for Smin, followed by a 
pressure increase to 30.40 MPa at 0.81 MPa/min. A 
corresponding temperature program was conducted 
with the pressure program as follows: the tempera- 
ture was initially held at 100°C for 5 min, then 
programmed to 190°C at 8”C/min. A time/split 
automatic injection using a Valco valve (Valco, 
Houston. TX, USA) was used for 1.8 s to inject the 
sample from a 200 ni internal injection loop. A flame 
ionization detector (FID) was used as the detector 
utilizing a temperature of 350°C. 

Total fat. saturated fat and monounsaturated fat 
content were determined from the analysis of the 
resulting FAMES using a Hewlett-Packard 5890 
Series 11 GC incorporating a Supeico SP-2340 (60 
mX0.25 mm. 0.2 Frn film thickness) (Supeico, 
Beliefonte. PA. USA) column. The injector and FID 
temperatures were 235°C and 250°C. respectively. 
The GC oven temperature was held at 100°C for 5 
min and then programmed to 200°C at 3”C/min for 
the FAME analysis. Helium was used as the carrier 
gas at a flow-rate of I mi/min. Column head 
pressure was held constant at 0.14 MPa. 

in Method 2. the methyl esters were performed 
on-line with the aid of an automated SFE-SFR-CC 
system (Fig. 2). Here the larger of the two dried 
meat samples. (original weight 500 mg). and 1.25 
mg triundecanoin were placed into a 7 ml extraction 
ceil followed by a glass wool plug and 2 g Novozym 
535. The above extraction/reaction conditions of 
17.24 MPa and 50°C were used with the CO, flow- 
mte of I ml/min and I % of cosolvent as supplied by 
;I Hewlett-Packard 1050 HPLC pump. Since Jackson 
and King 1181 determined that the how-rate of 
methanol at 5 pi/min was critical to avoid inhibition 
of the enzyme. the Hewlett-Packard 7680T system 
was programmed to deliver a ratio of 1% of a 
mixture of methanol-hexane (SO:SO. v/v) as a 
cosoivent flow to achieve the requisite 5 plimin 
methanol how-rate. bottom-to-top, through the ex- 
traction vessel. The synthesized FAMES were col- 
lected on an octadecyl-treated silica trap at 30°C. 
followed by I ml hexane rinse into a 1.8 ml vial, 
holding the trap temperature at 50°C. Utilizing the 
Hewlett-Packard ‘bridge system’ software. the 
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robotic arm from the GC secured the vial with the 
derivatized extract from the extractor and placed the 
vial with the derivatized extract from the extractor in 
the position in the autoinjector sample tray of the GC 
for FAME analysis. Conditions listed above were 
used for the GC analysis as required for the calcula- 
tion of the fat content calculation. Also. identical 
conditions for the above off-line Method 1 were used 
for SFC analysis of the automated Method 2. 

Analysis of total fat, saturated fat and monoun- 
saturated fat content was also determined indepen- 
dently by Medallion Laboratories (Minneapolis. MN, 
USA) utilizing a method developed by House and 
colleagues [6] which includes the mandated features 
of the NLEA nutritional fat protocol namely: acid 
hydrolysis, conventional solvent extraction. with 
preparation of the FAMES using BF,, followed by 
CC analysis. The solvent used in this method was 
ethyl ether; hydrolysis was performed with 6 M 
hydrochloric acid. 

Statistical analysis of the data was accomplished 
using SAS/STAT software [21]. 

3. Results and discussion 

Initially. samples were not freeze-dried to test the 
effect of moisture on the SFE and the subsequent 
conversion of the extract to FAMES. Excess moisture 
content has been reported to inhibit the SFE of lipids 
from food matrices using supercritical carbon diox- 
ide [7]. Also, the enzymatic activity can be inhibited 
by excessive moisture [IS]. Using the extraction/ 
reaction conditions given in the Section 2, we found 
that the reaction did not go to completion when the 
samples were not dried, yielding a concentration of 
fatty acids between l-S%. and unconverted tri- 
glycerides (2- 10%) as determined by SFC (Fig. 3a). 
When the samples were dried prior to SFE, the 
Novozym 435 enzyme could be reused for at least 25 
extractions without a decrease in activity. After 
extraction and enzyme-catalyzed methanolysis fol- 
lowed by analysis of the extract by SFC, we found 
the conversion of the triglycerides to methyl esters to 
be 99.5V~ or better (Fig. 3b). 

Extracted fats from Method I were weighed to 
determine recovery data on a gravimetric basis. 
However. as shown in previous studies, recovery 

a 
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Fig. 3. SFC analyses of reaction components from (a) a beef 
sample that was not dried before SFE-SFR and (h) a beef sample 
that was freeze-dried before SFE-SFR. 

values are not always accurate when determined via 
gravimetry, because of the extraction of water and 
coextracted material along with the extracted fat 
(221. Therefore, we attempted to approximate the 
total fat from the weight of the extracted methyl 
esters (Table I ). 

A comparison of the extraction and subsequent 
derivatization methods is shown in Table 2. where 
the resultant fatty acid compositions of three differ- 
ent types of meat samples, bacon, ham and beef are 
presented for the three techniques. The values for the 

Table I 
Gravimetrrc determination of total fat content from meat samples 

Sample Total fat (%)” 

Bacon 39.7 
Beef (low) 14.9 
Beef (medium) 73.5 
Beef (high) 36.0 
Ham (low) IS.7 
Ham (htgh) 20.3 
Sausage (low) 14.0 
Sausage (medium) 19.4 
Sausage (hi:h) 24.6 

” Determined from extracted fat mass as FAMEyioriginal mass: 
,r=3. 
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Table 2 
Comparison of the fatty acid composition from two SFE-SFR methods and conventional solvent extraction 

Fatty Bacon Ham Beef 

acid Fatty acid t R) 

Method 1’ Method 2” Solvent’ Method 1’ Method 2h Solvent’ Method 1’ Method 2” Solvent‘ 

ClO:O 0.1 I 0.11 0.08 0.00 0.11 0.08 0.09 0.08 0.07 

c12:o 0.09 0.09 0.07 0.00 0.10 0.07 0.12 0.08 0.09 
c14:o I .38 I .42 1.25 I .52 I .64 I .34 3.84 3.21 3.29 
C14:l 0.04 0.04 0.02 0.03 0.06 0.06 1.16 0.92 0.89 
c15:o 0.03 0.03 0.02 0.16 0.09 0.04 0.72 0.53 0.63 
C16:O 24.55 24.61 24.52 24.82 14.57 24.55 25.56 26.50 25.71 
C16:l 3.01 3.34 2.8 I 2.45 3.61 2.90 4.23 4.89 3.83 
c17:o 0.20 0.24 0.20 0.22 0.5 I 0.24 1.57 1.28 I .60 

C17:l 0.20 0.24 0.19 0.21 0.50 0.2 1 I .35 1.13 I .27 
C18:O I I.22 I I .24 Il.17 11.79 I 1.81 1 1.80 13.94 13.69 14.35 

C18:lc -6.21 16.12 46.78 16.64 16.41 46.56 41.78 41.29 -10.60 

C18:2t 0.78 0.62 0.16 0.18 0.78 0.3 I I .69 2.35 2.96 

C18:2 IO.05 9.76 10.36 10.00 7.84 9.3 1 3.65 3.12 3.29 

C18:3 0.22 0.19 0.52 0.42 0.16 0.37 0.58 0.13 0.6 I 
c2o:o 0.54 0.53 0.18 0.18 0.39 0.16 0.10 0.25 0.09 
c20: I 0.78 0.78 0.74 0.92 0.77 0.78 0.57 0.41 0.19 
c20:2 0.4 I 0.43 0.50 0.37 0.35 0.37 0.16 0.08 0.08 
c20:3 0.18 0.19 0.16 ND” 0.21 0.08 0.12 0.09 0.12 
c22: I ND” NDd 0.07 NDJ ND” 0.12 ND” ND” 0.26 

S.D. 0.018 c 0.036 ’ 0.012 c 0.161’ 0.174’ 0.145’ 0.259” 0.403$ 0. 103’ 

’ Method I =Simultaneous supercritical extraction/enzyme reaction with off-line CC analysis. 
‘Method 2=Simultaneous supercritical extraction/enzyme reaction with automated CC analysts 
’ Using solvent extractton as reported by House et al. [6]. 
’ ND=not detected. 
’ Each Standard Deviation value is an average of 3 extractions. 
‘Each Standard Devtation value ts an average of 6 extracuons (.I rstraclions at 2 fat levels). 
’ Each Standard Dcviatlon wlue is an average of 9 extractmm (3 extractions at 3 fat levels). 

ham samples were from both low ham and high ham 
samples resulting in an average of six extractions. 
The values for the beef were from all three beef 
samples and the values are an average of nine 
extractions. The fatty acid composition did not 
depend on the fat content of these meat samples. 
Overall. there is good agreement between the three 
techniques: only in some of the minor fatty acid 
constituents is there any significant difference. These 
differences are random and indicate that there is no 
apparent discrimination against any particular fatty 
acid. Also. the calculations of the different types of 
fat are relatively unaffected due to the small mag- 
nitude of these minor constituents. 

Fat. saturated fat and monounsaturated fat content 
as determined from GC FAME data by both SFE- 
SFR methods and the traditional solvent/derivatiza- 

tion methods are compared in Tables 3-5. Using a 
statistical analysis of variance to compare the means 
of any two methods, we found no significant differ- 
ence at ~~0.01 in the c/c total fat as measured by 
each method. There were some minor differences in 
the calculation of % saturated fat and % monoun- 
saturated fat in the meat samples between both of the 
SFR-based methods and the solvent method. 

Differences within each meat type were compared 
by t-tests of the least square means at pX.01. When 
individual meat samples were compared. there was 
no difference in the total fat content among the three 
methods for six of the meat types, but there was a 
significant difference between the two SFR methods 
and the solvent method for the values associated with 
the medium sausage sample (Table 3). There was a 
difference between Method 1 and the solvent method 
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Table 3 
Compartson of % total fat rcsults from two SFE-SFR methods 
and conventional solvent extraction 

Sample ‘70 Total Fat (R.S.D.)” 

Method I h Method 2’ Solventd 

Bacon 40.9(2.8@" 39.4(3.4)ab 38.7(1.7)b 
Beef (low) 11.5(4.8)a I I .2(5.5)a 12.8(5.6)a 
Beef (medium) 22.1(1.6)11 20.6(2.3)a 21.8(4.5)a 
Beef (high) 29.4(5.3gl 28.8(1.2)X 28.6(3.7)a 
Ham (low) IO.2(7.6)2 9.9(5.5)a 10.0(3.0)a 
Ham (high) I6.5(3. I )a I6.5(4. I )a 17.1(0.8)a 
Sausage (low) 10.0(3.8)ab I I .1(6.8)a 9.1(2.3)b 
Sausage (medium) 15.60.9)a 1.5.8(3.7)a 13.9(3.3)b 
Sausage (hiah) 21.6(2.l)a X.6(6.1 )a 20.3(2.2)a 

iR.S.D.)=Relative standard deviation of ,r=3. 
h Method I =Simultaneous wpercrttical cutractmn/enzyme re- 
;Lctlon with off-lme GC analysis. 

Method Z=Simultaneous supercrittcal extraction/enzyme re- 
acrlon wrth automated CC analysis. 
” (Jsing solvent extraction as reported by Hour et ai. 16). 

Values with different letters in rach row are significantly 
different at />20.01 level 

for the bacon sample and also a significant difference 
between Method 2 and the solvent method for the 
low sausage sample (Table 3). No differences were 
found in the mean values for saturated fat content in 
the bacon. low and medium beef and low ham 
samples. Saturated fat content differed between one 

Table i 
(‘omparwn 01 ‘ii wurated far from two SFE-SFR methods and 
ionventmnal \ol\cnt cxtmction 

S;llllpll~ ‘A- Saturated Fat (R.S.D.)” 

Method I ” .Method 2’ Solvent” 

Bacon 11.3(3.S)a” 11.9(4. I Ia 13.0(1.5)a 
Beef t low) 5.3(.5.5)a S.l(S.X)a .5.6(4.2)a 
Beef lnlcdluml O.Y( 2.7);) Y.X(7.3)a Y.6(3.8)a 
Beef thlfh) 13.6(X.J)ah I-t.O( 3.3 )a l2.7(3.2)b 
Ham I low) 3.X(X.3)0 1.2(6.3)a 3.7(2.5)a 
Cl;lm t hish) 5.1(5.4l, 6.3(1.O)h 6.X 1.2)h 
.S,llM~C I I(1u.l 1.7(2.6h 5.01s.. I ,h 3.X2.3)a 
%usare (mcdiuml 6.1(2.213 7 4;S.7)h 5.3(3.6)a 
.Sau.wx t hlph, ‘1.010.6 )a 8N7.5,a 7.9(2.4)b 

(R S D.)= Kel;uive standard dcw;ttion of II =i 
Method I =Slmult:meous supercrnlcai rstr;tctmn/en~yme re- 

wwn wtth elf-llnc GC clnalys~s. 
Llrthod 2 ~:S~mulrancou~ wprrcrltlcal ~\tr,lcrl[)ll/en/!me rc- 

gIctwn with ;~utoma~ed CC analy<i\. 
i’\in: wl~ent e~tract1ot1 ;I\ rcportetl h! HIIIIX~ ct ;tI. Ifi] 
‘v’aiurs \\ Ith dlt’ferent Icttcrh 111 each row art \iznificantlv 

dlfferent ;I[ 100 01 level 

Table 5 
Comparison of 8 monounsaturated fat from two SE-SFR 
methods and conventional solvent extraction 

Sample % Monounsaturated Fat (R.S.D.)” 

Method I h Method 2’ Solvcntd 

Bacon 18.4(2.2)a" 18.6(2.7)a 
Beef (low) 5.7(3.8)a 

18.5(1.6)a 
.5.4(5.3)a 

Beef (medium) 
5.7(4.9)a 

I I .0(4.8)a 9.6(2.8)b 
Beef (high) 

9.6(3.6)b 
14.7(8.3)a 14.1(3.5)a 

Ham (low) 
I2.5(2.4)b 

4.8(6.7)a 4.4(2.6)a 
Ham (high) 

4.9(2.5)a 
7.3(5.8)a 8.1(1.9)b 

Sausage (low) 
8.1(0.7)b 

4.5(5.1 )a 5.6(6.2)b 
Sausage (medium) 

4.2(2. I)a 
7.6(3.6)a 7.5(3.4)a 

Sausage (hi_eh) 
6.5(3.4)b 

10.7(1.2)a 10.8(6.3 )a 9.6(2.3)b 

” (R.S.D.)=Relative standard deviation of ,1=3. 
’ Method I =Simultaneous supercntlcctl extraction/enzyme re. 
action with off-line CC analysis. 
’ Method 2=Simultaneous supercritIcal extraction/enzyme re. 
action wtth automated CC analysts. 
” Uring wlvent extraction as reported hy I-louse et al. 161. 

Values Kith different letters tn each row are slgnlhcantly 
dlfferent at pX.01 level. 

of the three methods for five of the nine meat types 
as noted in Table 4. Monounsaturated fat values of 
bacon. low fat beef sample and low fat ham samples 
were not significantly different among the three 
methods. There were some statistical differences 
between one of the three methods for the monoun- 
saturated fat content of the other meat types. as noted 
in Table 5. 

When the gravimetric determination of fat content 
from Table I was compared to the total fat from 
Table 3. the gravimetric values (Table I) were 
consistently higher than the values determined by 
CC FAME analysis (Table 3). only the mass of the 
fat from the bacon sample with the highest fat 
content was similar to the NLEA value for total fat 
as reported in Table 3. This indicated that simple 
gravimetric determination of the FAME extract, or 
fat extracts from solvent or SFE. yielded inaccurate 
values for % total fat in food matrices (23). i.e.. an 
analytical method specific for lipid moieties (fatty 
acids) is required. 

Each listed value by each separate method repre- 
sents an average of three extractions. The associated 

precision in this case is reported as the relative 
standard deviation (R.S.D.) in Tables 3-S. The 
precision of both SkE-SFR ex raction/analyses t was 

comparable as indicated by their corresponding 
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R.S.D. values. the R.S.D.s of most samples being 
less than 7% (Tables 3-5). However, R.S.D.s for 
Method I were higher than 7% for the saturated fat 
content from the high fat beef sample and low ham 
sample and for the monounsaturated content in the 
high beef sample. The reason for these outliers is not 
apparent. The precision of the SFE-SFR results in 
general is slightly higher than those for the solvent 
extraction results. probably due to the small sample 
size employed in the supercritical fluid-based meth- 
ods. The agreement between the SFE-based methods 
and the solvent extraction-based method indicates 
that SFE is extracting the total fat content of the 
meat samples. as defined by NLEA. and this is 
confirmed by the agreement in FAME analysis by 
GC. whatever the source of the constituent fatty 
acids. 

In conclusion. the techniques developed here show 
considerable promise as alternative, relative solvent- 
free methods for the analysis of fat as mandated by 
the new NLEA. On one system. extraction and 
simultaneous derivative formation can both be ac- 
complished using a commercial SFE module. Alter- 
natively. another system is offered which permits 
simultaneous extraction and enzymatic hydrolysis ot 
lipid moieties. on-line and automatically. with ;I 
commercial SFE system in tandem with ;I CC. The 
results obtained for total. saturated and monoun%atu- 
rated fat content h-om different meat matrices are in 
good ;tyreerncnt with [host: obtained from ;I cw~wn- 

tional hydrolysis and solvent-based extraction proto- 
col. 
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